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Apparictvis for procesfflt^ an £CG signal 

« 

Tbe piesesnt invention relatss to an apparstas for laocessi-og an ECG signal. 

Cardiac monitors Imve beoi used for some thne to niwsucc electrocardiogrgpiis of a subject to 
delmniTO-v^iiethBrtheif h6Eut i condition. One set ofpatameters which isoften 

looked at is the QRS component of the PQRST complex which ocpots during eaah successive 
heasifaest The temporal separatian between xh& R peak associated with consecutive heaitbeiats is 
of paiticaiar interest to medical practitioners. The rate at wMdi the R wave p^k appears and 
vaiiadon$ fn the amplitude of those peaks give an todication as to the strength and h^th of ihe 
heart, in particular fte fiinctioxiing of flie autonomic nervous ^st^tn. 

Bsdstingmonkoi^iQcarpQratB&tra^^ onto the subject ftadhas apaJr 

• of elecdodas winch recoid m elecfrocardiograph or BCQ. The time interval between: successive 
RwavepesA;sintfaesuI:gectsECG axe evaluated directlb^ in the transmitter aiid then tr^^ 
aaastriiig<>fnunii^c£avafaesbytdeD3^^ " 
and analysed. However, sudbi systems laokthe cejiability to tn^imaitfhe original ECG whzohisalso 
of use to miedical practitioners. Viewing the aocumnlated R-R. interval values and the • 
cozxespondSiqg ECG simultaneously enables a medical practitioner to spot tachycardia, ectopic 
beats or other cardiac irregularities. If the qaalily of the data in the ECO appears to be poor 1b& 
pdtactiticoiQr can dxDply rejea the recorded 

OflierlmowiimonitorgttansniitaiecoTded ECQdflierdigStallyorlyyanalogaemBfianstoaremote 
receiver. The R-R intervals »e then evaluated coi the receiver side» frequentiy in aPC, whete Ihe 
results can be stored and analysed, llxese systems have the disadvantage thSt a* rel£dth^ely wide 
radio channells requiredto transfertheentlreEGQ at aniimnxum samiplingrate of 1000 Hz; which 
is required to meet an acceptable R-R interval measuntigprBcisicm of Ims. To tamsmit the eaotice 
ECG signal 5t such a sampling rate requires arelatively- wideband telemetry channel Tbe wider 
a cSiannd is the more^nsitive it is to radio iut^ereace which, can introduce exrors into the R-R 
valuescdculated jnlhereceiver. Wldebandtransmissionalso inyalvesahighpow^consmnplion 
and is rdadvely expensive. 

According to a.iirst aq^ect of the present invention there is pro\ided appaiBtus for 
processing an ECG signal, the appaqttus comprising: 



atmiismitter having an input jB3r recQivhxg the ^gnal md apxoce$sor wMch separates fiie 
sigaal into fiistand second signal components, manipidates ibs first si gnal component to detennioe 
thetornporal spacingbetween consecutive R-pe?iks m ttie QRS conipfcxofthe signal, aadin which 
tiie swond signal component oonsisfts of the BCG signal; and 

in which the transmitter transmits both the m^pulated jQrst signal component md ihe second 
signal component to the receiver- 

By transmitting both the tcimpoial spacings between consecutive Rpeaks, or R-R interval values, 
and the original EGG signal a medical pfacUtioner has much liiore information th^ prevlonsly 
available wing other device^. The R-R interval values isn be analysed to check <m fee hisalth of 
the heart and imny other autonomic iUnction$ of the body. Moreover, Uib ECG itself can be 
viewed simply to check timt fliere are no haregul«aitics occmring in the ECO signal. If the data in 
an ECQ- trace appears oom;9>ted an opQiator can sdmply stop recording. 

Fignre 6A shows Hxe chamcteristic wave i»eaks and tEx>ughs of a PQRST complex (labelled P, Q, 
R» S, and 1) wMch are present in a law ECQ signal. Figures 6B and 7 ilhisixate the result of 
di£feieniiatiQig the law ECO signal to detBnmne the occuixence of the R peak for a given PQRST 
comj^lexu In Mgures SB and 7» Q', RV and S' represent the turning points cx fist moments 
associated wifli fh e Q, and S peaks te spectivcly * Fignres 6B and 7 show only the QR S portion 
of the PQRST complex as the P and T waves ate suppressed by a ^fferentiating circuit (ddt^Is 
of which 'mil £>Ilow later) which operates on the ECO signal to determine the first derivative or 
firstmomcnL 

hiFiguve 7 the time and voltage scales havebeenmagnUied for clariiy, Ihoy-ordhiate ^ch does 
noti«p»se£ktnullivQlfsbntanumericva^ (details of which follow 

later). A nominal zero level of 128 has been adopted with values between 0 and 127 (inclusive) 
designated as negative and those betwceii 129 and 255 (Includve) designated aa positive. The 
signal shown in Figure 6B no loniger represents genirine Q, R and S waves due to the effects of 
a finst signal filter (details of which follow later). However, this change of sh^e does not 
ultimately afifect the measnz^wt of R*-R time intervals. 

The important features which can he obtained £nom the difiE^entiated signal shown in Figuees 6B 
and 7 are: 
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1 ) the do'wnward zero crossing correspoBdmg tp the R wave peak which can be used as 

a predse fiducial point (shown as R'or T^own)> ^cl 

2) the amplitude of the TS^veform wMch is dreectly pzopoxtional to that of the origmal 
QRS complox, thus eaabling it to be usod fbr accgi^ R peak 

Known methods of Rpeak identification generally involve simply corapaiing the amplitude of a 
law ECG signal against a fixed or a varj^ threshold value. If the mnpiitude is gieaisrihan or 
e<iaal to the fixed value orriie varied valueapealcis accepted as ahRpeak. However, if amonitor 
is incorrectly positioned or if the subject is mo\Tng around the R peak may not necessarily be the 
fealUTe in a given PQRST complex which has the gteatest amplitude. In partioular» if a sutgect is 
©cercising flie signal iss3y be vaiy noigr szsd the ^pihud^ (>f succsssive R peaks ixtt^ v&cy quite 
considerably, 

Amefhod and system of idenUiying R pealcs ie disclosed -in a co-pealdBug UK patent application 
caititled "Mctihod a^d apparatus for idcnti^ing features in an ECG signal" filed 28 March 2003 
under agents reference RSF/P204096 (wMch is incorporated herein by reference). This meihod 
andsystem utilise the following points of inteicist in a difier^ 
Figure 7: ' : . . 

1) the teaq>orai position of the majdmum amplitude, associated with the maximal positive 
ECO slope (T^; 

2) the temporal po:$ition of a turning point assooiatsed with an R peak CTdovm); 

3) (he maxunum amplitude (MAX); and 

4) the minimmn amplitude, dissociated with maximal negative ISCO slope (MIN). 

The dip»ei|jpe is odculated between Ite and the 

result conapaiiedvvithapiredetennine maximum 
(Tmsa) is measured i«dative to apredetermuied temporal reference point. A temporal difference is 
. also calculated between the time of occurrence of the taming point (t^ovn) the maximimi 
(TttiaTs) ™d the resnlt is conkpared to a ptadetennhied Cnne value. If both the amplitude dUQfecence 
and the temporal dififefence ace greater than or eq^ual to fhe predetermined amplitude value and 
predetermined time value respectively the temporal occurrence of the turning point is Idemifled 
as that of a potential R peak. 



Preferably. th6 processor comprises* an amplifier which amplifies the BCG signal prior to 
$^pai»tion into first and second signal compoDOTts. This strengthens the signal before fiirfher 
pioeessitig. Ba certain etnbodiniLents a di fierential etmpiiii&r may he uscd- 

Coijvseoiently, the pfoocssor further comprises first and second signal filters which separate the 
electrocardiograph signal into the first and second sighal components, 

Ptafecablyvihe first signal filter inchad^ a first high-pa^ fiiter. In ofher embodimeuts, the second 
signal filter includes a seccmd high-pass filter. The hi^-pass fitt«<s) may remove signal 
componentsiiavbg ^frequency Iowa- than 50 Hz. Mostpreferably, th.e high-pass ftlter(s) removes 
sngoal coniponatttB having a fieaneacy loweir thai^ 3.pproxiE3Lately 34 Hz, Use of high-pss filter 
removes undesirable signalSj sucih as cardiac OTtefaols, prior to A/D conversion of the signaL 

InpredibrredemfaodimentSttheoutputfiom the fits 
pass filter. Lov^passfUt^efiimnat? noise and 

thcECO signal ^ecfaxnn. Conveniently, the low-pass filter includes an operational amplifier. Use 
of filters which include operattertal amplifiers suppress n<A$& and radio fiiequeucy signals presaot 
in tim first and/or seootid $%nal components. 

Conveniently;^ the processor includesamicro-con^ 

components and convene at least ^e first signal component to a digital signal prior to 
mampuiation to dctermine.the R-R time intervals. 

Preferably^ the first and $econd sigoal components axe f€td itito a data stream for tcaosmidsion to 
the recdiver, 

Prei^rabib^, the processor includes a micro-controller which recdives the ficst and second signal 
component, converts the two components fix>m axialogqe signals to digital signals for 
ttansmission to fte receiver. Oonvseoiendyfl flie di^ttlsed first and second oomponeuts are fedinto 
a data stream for transmission to the receiver^ Signals transmitted di^tally are less prone to data 
loss or interference than analogue signals. 

Convenientlyp fihe processor sample the first signal compcment between 500 Hs and 2000 iiz. 
Most preferably, the processor samples the first sigiia! component ai approximately lOOOHz* 
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Conveniontly, theprocessof samples the secondsignal coinpofient at approximately 500 Hz. The 
second signal componenl may be sainpled between 120 sad 500 Hz, la ceortBin emlx>dimeaftts, the 
secoGid sigQ^ oompunent xnsy be sampled between 120 to ISO Hz. 



The second signal cortiponent comprises asigofdwhichis m of themoasOTed EGG. As the 

ECO In the second signal component i$ required only for visual purposes, the entire ECCJneed not 
be transjiritted, Rediicing the amount of 4«h whicli needs to be traosxmttc^ reduce the 
trsnsjoaission bandwidSi required 

meaauted ECG signal, NaaroWband radio cHminels are less sets^itive to radio interference, have 
lower power consumption and are generally cheaper to operate. The appatatus uses a relatively 
BQmpIingrate$w-iiie5va!u2iio2 of feeR-Rinter^sbdiretAlyinthetiians^ This givraihe 
required ?iOTuraoy for determimng tihe temporal spajcdflgs between the consecutive R-R peaks. 
Sampling the first signal component at arate of around 1 000 Hz allows the first signal component 
to be manipulated to create a $fa±Dg of "RrR tntervals at the required accuraic^ te. of around I m& 

According to ailirther aspect of the invention there is provided a method for processing 
an ECG Bigoal, the metliod compnsmg the steps of: 

receiving the signal st an input of a transmitter, the transmitter having a processor which 
separates the signal into first and second signal components, and manipulates the jBrst signal 
componentto determine the temporal spacing between cojKecutive R-psaksint3he QRS complex 
of the signal, and in which the second signal component consists of the ECG signal; and 

transmitting both the manipnlated first signal component the second signal 
component to a receiver. 

By transmittmg both tlie temporal spacings betwecai consecutive R peaks, or R-R interval values, 
and the original ECG signal a medical practitioner has much more Information lijan previously 
available using other devices. The R-R interval values <^ be analysed to check ob the health of 
the heart and many othea: aittspnomic functions of the body. Moreover, the ECG itself can be 
viewed simply to check that ^es^ are no irregularities occurring in the ECG signal. If the dak in 
m ECQ trace appears corri^ted an pperstor catx simply stop recording. 

Pre&rahly, tiie mefliod fiirther comprises the step of ampli^ng the ECG signal priorto sepaxation 
into first and second signal components. This strengthens Ihe signal before further processing. Da 
Certain embodiments a diff^ntial amplifier Tti^ be used 
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Conveniently, the method further comprises the step of separating ftie ECG signal into the first 
and second signal components using first and second signal filfeis. 

In preferred embodiments, the melhod includes Hie step of filtering the first signal component 
u$ing a high-pass flltex. 

Corsveniently, the method cojtttprises the step of feeding the Autputfi»m the high-pass filter into 
a low-pass filter. 

Pt^rahly, the method comprises the steps of: 

prpviding a micro-contsoliesr in t!ie processo*" j 

4 t 

receiving the first and sccoiid $&ignal components iu tib.e micro-conhoUei; and 
canyerdng at least the fitst signal component to adigital signal prior to manipiilfltioin to 
detenxdne the R-^R tinie infeavak 

In pteSsmd emhodiooeaits, the method conxpiises the step of feeding the 0rst and second signal 
componeilts into a data str^Km for tiansmissloTi to the receiver. 

BceferaUy,^ methodcomprises the stepofsacnpliivg first signal component between SOOHzand 
2000Hz, 

.Conveniently, the method comprises ike sUsp of sampling the first signal ccmponent at 
^Qjproximately lOQQHz. 

Jbi' preferred embodiments* lOie method comprises the step of sampling the second sigoal 
component at appr07dma£dy 500 Hz* 

An embodiment of the present invention will now be described, by way Of example only, vntb. 
reference to Che foUowbig drawings in vvfaich; 

Figme 1 is a scheniatic illustrating how a ^nsmitteir of an ECO monitor; in accordance with the ' 
present in:ven1ion9 operates; 
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Figure 2 is a schematic illustrating- bov/ a receiver associated witii the tr^x^xiitter ip Figure 1 
operates; 

f xguce 3 shows a dbrciiit diagfotn of the transmittex of Figure 1 ; 

Figure 4 shows a circuit diagram of the receiver of figure 2; 

I ^ * 

Figure 5 is a schejaaatic illvstratiiig the operation a divetsdty reception circuit in ih© rsceiver of 
•Figuras2aad4; 

Figure 6A shows anrpUfied PQRST oisnplex for a Eissgle heartibsst as niessursd iis aa ECG; 

Figute ^ shows the result of differentiating the signal in Figore 6A; and 

Figure 7 ahowB amoi^ detailed view of the differentlaied signal of Figure 6B, 

The apparatus of the piB^ent mvention is shown schematically in Figures I and 2, Figure 1 shows 
atrartsmitfcer 10 vrfbich can be placed ona subjects bo3y to record acaidiac signal. The ttanSnutfcer 
1 0 may be attached to a belt (not shown) and worn around the subjects chest. The transmittCT 10 
has two electrodes 12 which can be attached to the subjeccs body to reconJ sn electrocardiograph 
OT ECG. The signal Is dealt wjth by a processor (details of which will follow) which indbudes first 
and second signal fitters 14, 16 and a micro-controller 1 S. 

The recorded signal passes to the first and $econd signal filters 14» 1 6 v^dblch separate ttie sJigQaL 
' into fibrst and secoiid signal conq^onenls. The first signal component is then manipulated by the 
processor to evaluate the tempore] spacing between consecutive R wave peaks in the QRS 
complex of1heeleoti?ocardiogmph signaL The fhst and second signal components are thrafed into 
the miciro^controlier 18 wkese the sampling rate of the second component wldch effectively 
consists oftfaersw ECG, isreduced. Thensdcro-^^ontroUer 18 feedstheflr^signal c(»nponentand 
reduced sanqjrling rate second signal csomponent into a digitised data stream and on to a radio 
traiismiti3ngniodu]e20fbrtelemetrictransinisionfh)mat^ , 

The operatten of the transmitter will now be described in greater detail with reference to Hgure 
3. An BCG signal is recorded by means of a ffflir of electrode 12 which can be placed in contact 
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with the skin of subject The recorded ECG sigti^a iiutially passes throu^ apair oflow-pass RC 
filter clrouite 100, 102 wWch consist of aresistof1?i3 ond a capacitor CI , and aresistor Rwanda 
capacitor C2, respectively, Ea the pre^^nf cmbodim^ iiesistors R3 and R4 are set to 1 0 K ohm 
and capacitors C I and C2 are set to 1 00 pF. The o^uts &om the filter circuits 1 00» 1 02 fiprra the 
iapats to a diflferential amplifier 1 04 based on an AD 627 mtegrsted circuiL The low-pass filter 
circuits 100, 102 filter high frequency signals >?vhioh result jBx>m radio module operation and 
protect the amplifier inputs against damage by high level impulse over-voltage (electrostatic 
discharge voItage).The differential amplifier 1 04 difierentiates ifas signal firombackgraund noise 
to create a relaiively "clean** dgnaL 

Two resistoTB Si.1 gmH 1R2 (101, 103) serve as a DC bias ^^Pply -*-'iiich is necessary for proper 
functioning of the differea^^ The values of the resistors Rl aiidll2(101, 103)are 

selected to provide a high impedance to the diflferential amplifier inputs. In the present 
embodiment, resistors Rl and R2 are set to S M ohnt A DC bias ^s created by a resistor divider 
R21» R26 (1 05) and blocked by a capacitor C14. The gain of the dijQfcrential amplifier 104 is set 
by a flnther resistor R5 (106), hi the present enibodiment, resistors R21, R26 and RS arc 
icspecfivdy set to 4 K ohmi. 4 K olnn, and 1 2 K ohm and capacitor C 14 set to 22 0 nF, The gain 
of the difiTcrenfial amplifier 1 04 is sdectsd to prevent saturation firom aiiy ECO signal baseUne 
diifiL 



Aflter l^ic amplMoalion by the di£Eb:entu^ 

two signal components by the first and second signal filters 14, 16 vAMx adjust file signal speotta 
and provide sufficient amplificafion necessary Ibr the channels of an A/D converter wtdch is 
iategrated cm the same silicon chip as the micro-CanCroU» IS. The first and second signal 
componfiiitsaie fed into a pair of h^bi-pass filter circuite 108, 111. The first of these high-pass 
filter oironits 1(^ includes a rsistor R12 and a capacator C3 the values of v^^ch axa sat suchlhflt 
the ckcah 108 diiSfCTonlifltes the signaL The second high-pass filter drcuit 111 also has aresistor 
Rl 1 andacapacitor C4 but does not difierezidate the signal, hi the present embodimend!^ resistors 
R12andRllaiBsettol00Kohraand 1 Kf ohm respccfively^ andcqiaoitorsCS ea:idC4 setto 
47 nF and.220 nF respectively. 

Ftom signal tbsoiy it is knovna fltat only the QRS complex of the ECG signal need be considered 
to obtain precisely measuicdR-R intervals. TTie fluency spectrum of the QRS compleaccont^s 
ficquend^ intfaeiange of ar0und2O to lOOHz. UndesLnable signals sncb as cardiac artefacts have 
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a l/f-lype spectrum Avith thdrmain coiDpoTieuts boinglocated below 20 Hz. It is tJieteforetiseful 
to process liie rough ECG signal using a higji-pass filter 108 befin-e A/D conversion. In practice 
a. qcdroff frequency of around 34 Hz: is usccL 

Filtering and amplifying of the firstandsecond-sig^ 109, 1 1 2 ofthe ECG signal art 

peifomiedbyOP2955ingle-suppIyTmcro-poweroperatingam 110, 1 13 with ''rail-to-rail" 
capability- These operational amplifiere ll 0» 113 aUowfh© A/D converterrefereuce voltage to be 
used as an operating amplifier po wear sujrply -with no loss in A/D converter input range* Bo& gignflt 
branches 1 14, 1 1 6 act as an low-pass filters, the cut-ojfffrequende^ determmcd by resistor Rl 0 
and capacitor C3, and resistor R15 and capacitor C6, respectively. In the present embodimenl, 
resistors RIO md Rl5 ai« setto 100 K ohm capacitoi^ C3 and C6 are set to 22, nP.Thsse low 
pass fEltets eliminate noise and radio fipequeacy signals which are greater than the ECXr signal 
apectrum* Resistors RS and R13 deteimine the first and second channel gain for the signial 
branches. Resistors R9 and R14 aiie used &nr the differential amplifler 104 input bias ouneixt 
oofflpensationandto avoid wwantad DC level shift in output signaL In the present embodiment, 
reaistOEsRS, R13,R9andR14arerespec1ivd[ysetto3Kohm, 1 Kohm, 1 Mohm^aodlOOK 
ohm. 

The overall oj^ratlons of the transmitter 10 ^ contcoUed by a miox^-oontraller 18. In the 
dei^siibed embodiment aFIC16C71 1 micro-oontroller isused (manuThctuTed by IbUctoohip). Ibis 
is a law power device is based on "Dual Bns Harvard RISC ^rcbiteoture and provides 
^oon^Ut^onal power relative to its power consumption. The naicro-coAtroller 18 has four 
integrated A/D Cdzveilsr channels, only three of which ace used^ vwbic(h allnw direct connectioxk 
to the first and second sigrial filters 14^ 16 and thus signific^y reduce the coniple2d1y of the 
IransmitistcucuitEy. The mainfunctionspetfomied by the micro- 18 aresamplbigand 

A/D conversion of fhe ECG slginal from bo& signal branches. 

The sampling rale for the first signal component 109 of the ECO signal is around 1000 Hzl This 
coTEesponds to atime interval of azound Ittis which isnecesj^tocbfainedacc^ 
jSxan the SCO s^al The sampling rate for the second component 1 12 may be set at somev(^here * 
between too and 500 Hz. ' * 

Furfhear functions perfomied by the nrncro-controlleir 1 8 include coding of measured R^R interral 
values (fir$t signal oompornentXECC signal samples (second sigtml C^omponent) andbattery status 
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into a seiial data stream uang a dedicated tensfisar protocol prior to telemetrio transfet, plrat^g 
tMjDtro! of intamal lithiuin-i<»i fecifaiffgcable battery (two-stage CC and CV chai^ng method), 
diagnostics and ^rvice fiioctiasn& 

As described above, the lecorded ECO aigoal is an^Ufied and digitally processed direatly iufhie 
transmitter 10 (ou the patiailfa biody) and an inslantaneotis heart late (R-R nrtervals) pteoiseiy 
derived. This infotmalion together vrith the taw EGG slgoal and battery status in&nnaiaon arc 
eaMMfed by atransfer protocol into a ser^ code (sintsUe fbr.optimal nanowband radio channel 
©sqitoitBtum) aad transroitted in ibe UHF baod by liie radio transmitting modole 20 and 
transmission aoel 22, The transmitted Agnails in digital foiro. 

Rtfraringnowto PiguresZ to S, thepreseitf 

. rieceptiou which elimhates fadk^g of a transimtt^ signal. Fading is c^ac^ by muMpatli wave 
propagatton, which results firom TdQectLon aad absoiptiozi of transmitted tSL&o waves between a ' 
teanamitter and a receiver. Mulliple waves received by an arid will be added tOj^ther according 
to the principle of vectoEr summation* This means that in ecrtaln conditions (when the wave? are 
in oiypostite phase) the veotor stum maybe close to zero and tranafennEsd iufoimaiion may be lost. 

An efifecttve w^ of overooming this problem is to use two sp^d apart antetmae 32, 34 wMct 
increases Ae probaiiilrly of agood agnal level beLagiecdvcd in one antennaif the signal TOceived 
in As other anteima suffers intei:&irenc&, Sinuming signals from the tNVo antennae is likely to 
encomxtesr the probl^n of out of phase signals cancelling each other out. The signals received by 
the two receiver antennae 32, 34 are switdhedby the analogue switdiing oircuit wWchdefccnmnas 
the best qualify signal. The Selected signal is processed in a-data fecj>vc3y ciicoit (siicer) whidh 
separate the digital data, from analog siigaal. 

The trangnntted signal is rec^ved by <XDie orboth of apaircfreceiverantennaje 32, 34 iTvldch fetm 
part of a remote teceivef 30. The iscdvM antennas 32, 34 operate under diversity lecepdon to 
ensure fiist tiie best qu ality signal available is received \xy the receiver 3 0. The received sigctal (s) 
pass throu^ a pair of receiver module 36, 38 which pass the Bignal(s) to a receiver micro- 
oontroUer 44 either direcUy or via an analogue switch 40 and a date recovery unit 42. Data 
processed by the micro-coutroller44 by a suitable connector 46 to andfiom aPC In the described 
embodiment flie connector 46 is an. RS232'typB interSice. 
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Claims; 

1 • Appar^s for processii^ an BC<J signal, the apparatus comprisii^g: 

a transmitter having an input for receiving the signal and a processor which separates the 
ragnal into first andsecofidsignalcomponeixb^ ooxnpQUenttodetemiine 
1hetBinp(q»ls]^ing betweeqiTOnsecutiveR-peaksinthcQRS complex of tiie^gnal:,andiii which 
the 5ecc»ui signal contponent consists of the ECO signal; and 

areoeivei; 

in "which the transmitter transmits both flie nianipulaied first sigi;^ oomponent and the 
sfioooid signs] compon^t to the zecei?v^, 

2. Appaialasas 9kfan6^inidaim2 In v^rhich an amplifier vvhich amplifies 
fhe ECG ^^SPsl prior to separation into fust and second signal components, 

3. Apparatcis as claimed in claim 1 or claim 2 in which fhe [processor fiirdi^r comprises first and 
second signal filters which separate the eIet:strocBrdiogi«ph signal into the first and second signal 
components. 

4. Apparatus as claimed In claim 3 in which the first signal filter includes a high-pass filter* 

t 

5. Apparatus as clmmed in cUiim4 in whichthe output fi-om the hi^^pass fitter is fed into a low- 
pass filjen - 

6. Apparatus as claunedin any precedintg claim in wiiich Iheprocessor includes aiudcoo-controller 
which receives Ihe fifst and second signal M(mponent$ and converts at least fhe first signal 
component to a digital sigbal prior to manipniation to detoemine the R-R time iutsmls. 

7. Appar^im as claimed in preceding claim in vrfaich the first and second ^igosQ components 
are fed into a dam^tceam for IrariSinisBiGuaL ^ 

Apparatus as claimed in any preceding claim in which, the ptocessor samples fhe first signal 
component between 500 Hx and 2000 Hz. 



9.AppaTaJiis as claimed in any preceding claim in vMch the processox samples Uie first signal 
component at appomiinately lOOOHz. 

1 Oe Apparatus as claimedin any precediogclaini in which the pfoeeissorsamples the second signal 
componfiot at ^proximateiy 500 Hz. 

11 . A method ferprocessdrtg an ECG sf.gjia^ the method ccnmpdsmg the steps cfi 

receiving the signal at an input crf atransndtter^ the transmiti^ whidi 
separatea ihe signal into first and second signal components, and manipulates the jBist signal 
coinponeDt to detemune^ temporal spadngbetwe^ complex 
of tSte signal, and m which the second ^gnal con^oaicait con$ij5t6 of the ECXJ signal; and 

transiUilliiigbolh the maidj^ulated first signal component and the $eQ02id signal component 
to aiecdvar. 

12. A method as olaixned in claim 1 1 farther coznpdsi&s the step of amplfj^^in^ -Qie ECG signal 
prior to separation into first and second signal components. 

13. A meUxod as claimed in claiiTi 1 1 or claim 12 further comprising the step of separating tihs 
ECG signal mto the first and second signal componeuts using first and second signal filters. 

14. Amethodas claimed in daim 13 which includes thestep of filteEringthefiist signal coanponent 
ysmg a high-pass filter. 

15. AmethodascJaimedinclaim 14 compiidng the step of feeding the output from tihe high-pass " 
filter into a low-pass filter. 

16. A method as claimed in any precediiu^ claim comprising the steps ofi 

providing a micro-coutroller in the processor ; 

receiving -fiie first and second signal components in the micro-ooirtroller; and 
convErting at least the first signal component to a digital signal prior tn maTn'pnlflrifvn 
detiermine the R-R time intervals. 
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1 7. Amsthpd as claimed inanyprficeding claim <»mpri$iiig the step of feeding the first and second 
signal conq)oue]its into a data strean^i for tidnsnusslon to the receiver. 

18. Apparatus as daimed in any preceding claiTn comjjrisirig tiie step of sampling first signal 
component between 500 Hz and 2000 Hz, 

1 9 Appaiaiiis as daimed in any preceding claim comprising the step of sampling fbe first signal 
comiianent at ^TproxiznaEely IOOOH2. 

20. A metbod as claimed inanyprecedingdaim compnsingthestep of samplLngidxe second signal 
component at appioximately 500 Hz. 

21. Appamhis as described heteinb&fote Mdlfa reference to the accompanying drawing. 

22. A mediod as described berdnbefore with nefeience^to the accompanying drawings. 



Abstract 



Aprpai^tuus for processing an BCG signal 

Apparatus fi>r processing an ECG signal ha$ a tcansmitto: 10 with m inpwt 12 for receivix^ flie 
^goalT The Ixansmittar 1 0 also has a pmce^co- 1 4, 1 6» 1 8 which separates Ibe signal mto :&cfit &nd 
second signal components and nxanipnlates ike first signal component to det^nnine the temporal 
spacing between consecutive R-peaks in fhe QRS complex of tibc signal. The second signal 
Gontponent consists of tEhe ECO signal itstlt The apparatus also includes aTecdver (not shovm), 
to -ivhichth&ttansmitter 10 transmits bo&lhenianipulated first signal component and the second 
signal componsQt 

[Piguce I] 
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